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ABSTRACT 

Haman oral cancel' cefflis may have aiiy of sevei'al ge- 
itetic «\iWLis»s, but t!ie l ole of Hie oncogejne \% relatively 
nnexploi'ed. To find out if tttiii gene piayis a saignificant role 
aiid wiiethei' it conld act as a target for gene thei'apy of oral 
cancer, we liave e:xant3ned tlie effects of an anti-lN;l-2 ri- 
bozyme on the plienotype of or;^ cancer ceils. A hainmei'- 
head riboxyme was designed to cleave tlie bel-2 transcript 
alter nndeotide 279 and was confta-med to be cHective 
against a synthetic bcl-2 ti'anscript. A gene encoding the 
ribozyme was doned into an ade^novirus vector and trans- 
ferred to tlie Imman oral cancer ceil ihjcs S86LN, i4S3, and 
Tni83. Over a 6-day period, the growth of esiclii camcer cell 
line was reduced, whereas growth of the fibroblast cell Sine 
FS7 was less inhibited. Inhibition of the ortii can err cells 
conld be attributed to apoptostlsi, m indicated by the detec- 
tion of iiistone-associated DNA fragments in an immunoas- 
say. Northern blots showed no detectsStle retiuction in the 
levd of bel l mRMA of TulSS cells, but Westein blots 
showed a reduction of Bcl-2 protein at 24 h after infeaion 
with the ribo^Tue-espressIng adenovirus vector. The results 
impiy that («) expression of the M-2 oncogene is necessary 
for the survival of orsfl cancer cells, (ft) the hel-2 gene 
transcript presents a target for gene tlier^y by ribozymes, 
and (c) an adenovirns vector is a suitable method for trans- 
fection of the ribo^me-eiq^ressing gene. 

INTRODUCTION 

Hmnaii oral cancers show a vai-ietj' of genetic changes, 
with (iiffeteisS. chatiges m difs'erent Ejitxtors. Niitneroii;j studies 
have reported mutation aiid overexpression of the gene far P53 

(1) , overexpression of the receptor for epidermal growfii factor 

(2) , anti the presence of hiMxtan papiilotisavirus DNA (3). 

Anotlier pheaotypic change in oral cancer, which has been 
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studied less intetisively, is ouerespressioti of the oncogene 
bci'2. llie propcH tion of oral cancers in which Bcl-2 can be seen 
bj' jmmsjnodiemical staining has beers rq)orte(i at between 50% 
and 75% of cases in most studies (-1 -7), altiiough otiiers have 
found it only tareiy (S, 9), 'V^ljen present, it is geiseraliy nsore 
{SEevaleiU in the poorly diffetenSiated iutsjots (4 -6), Its normal 
oral mucosa, Bcl-2 is not detectable (9) or is expressed only 
occasdonaliy in She basal cells (.10). .Bd-2 is Sre<|uet!tty seen 
adjacent to oral cancel's (4, 6) and in dysplastie epdtheiium (6). 
There have been no funcU otjal s-tadies that explain Ihe role of the 
Bcl-2 protein in oral cancer, althougli one stiicK' has sliown that 
whetj oral keratin ocytes were transfected with a iici -2- expres- 
sion plastnid, Uieir level of di fferentiation markers was reduced 
(11). 

Ovetex|)re3sion of Bcl-2 is commsHi in non-oral cancers. In 
follicular lymphomas, t!ie overexpression is due to a chromo- 
sotisai irat!s!ocati()!i, which places the bd-2 getie under She 
conti'oi of a more active promoter (12). Overexpression also 
occurs in some breast cancers (13), glioblastomas (11), hmg 
caticerK (1 5), and coloreclai cartinotnas (.16). Jn ihese iimio>s, as 
in oral cancer, the reason fo!- overexpression is unknown be- 
cause ttiere is t!0 gessetjc- rearrangensent. Ouerexptessiotj of 
bcl-Z is not a universal feature of cance!' because it is not seen 
in Hiaii.gtsant nseiatsonsas ill) or tnedfiloblaKtomas (.14). 

Tlje fimdion of Ihe .Bci-2 protein is to block apopj:osds iti 
manj' cell pafliways (18), but not all. It cannot block the apo- 
ptosis that eliminates autoreactive T cells (19, 20) or apoptosis 
of lymphocytes induced by the CD95 "death receptor" pathway 
(21, 22), Use Bd-2 |)roteit! does not transform ceils by itself, but 
renders tlieni traasformabie by other oncogenes such as rnyc 
(23). 

T.^Tien espressiots of bcl-l is inbilnted, -.vyt^-xi: cs-ncH ceils; 
lose Oieir maligHant behavior. In lymphoma ceils, tiie expression 
of .r;d-2 tats be biocke(ita>' antisietise RN.4, and this tssociifies the 
maligriant phenotj'pe of the cells (23, 24). An aiiti-i;ci-2 ri- 
bo;:yruc can cancel the alsiitty of Bci-2 to biotk She eSfecSs of 
proapoptotic agents on proslate catscer ceils &aS had prei'iosjsiy 
been transduced witii bci-2 (25). Recently we showed tiiat 
aiili-te-2 oligonucleotides could induce apoptosas in human 
glioblastoma cell lines. ^ In the present study, we have attempted 
to show whether Bci-2 is important in the growth of oral cancer 
cell lines by blocking its fiinction with a specific ribozj'me. 

MATERIALS AND METHODS 

Ribozyme. A hammerhead ribozyme was designed to 

cleave ihe transcript of Ihe bcl-2 getje betvsreen nucleotides 279 
atsd280. Tfje riboz>ine gene was then sj'nthes-'ized in two fosnss. 
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Fig. 1 The anti-tei-2 ribozyme and its target The open reading frame 
of the bcl-2 gene is shown with numbers that indicate nucleotide 
positions (54). The positions of the Bcl-2 homology domains, BHl 
through BH4, and the transmembrane domain, TM, are indicated (42). 
The sequence of the target site in the gene transcnpt is shown and 
includes the cut site after nucleotide 279. Uppercase letters, the canon- 
ical GUC of the target site in the bcl-2 transcript and the conserved 
nucleotides of the ribozyme 



One was a single- strati ded oiigonucieotide with an upstteartt T7 
polymei-ase -binding site for in vitro synthesis of tlie ribozjiue. 
The other was a double- strati ded oligotiudeotide, which Wiss 
cloned into the eukaiyotic expression vector piasmid pMAM- 
neo (Clontech Laboratories, Palo Aito, CA) adjacent to the 
MMTV ijronaoter. The getie, together with the proitioter atid 
downstream poly(A) sequences, was then aibcloned into tlie 
EcolKI and BarrtEl sites of jhe transfer piasanic! pAvS6 (26, 27). 
This replaced the adenoviral fiipartite leader and RSV piomoter 
of pAuSe \vilh the MMTV protnoter. The pJastrtid was then 
recsHnWited into an adenouims vector as described {st eviously 
(27) to yield a virus designated AvlR2279. Ihe adenovirus was 
ptjrified by ultra centrifiigati on oti cesium chloride iind was 
detci icdly titration to contain 10 ' pfiv/nil. At the conclusion 
of experinient:-. the Stfer was detentiined again to ensure acai- 
rac>' and to cotifimi that fiozen stocks had not lost titer. "Ilie 
design aiid constraction of the riboz>'me was described earlier 
(2S), and it is iiius-trated in Fig. 1. 

As a contioi for nojispecific adenoviral toxicity, the ade- 
novirus uectcH- Ai'lLacZ4 was sised Utis expresses (J-gal and 
has been used previously (27, 29). As an additional control, a 
vector was used in otje experiment in which the p-gal sesjiences 
had been replaced by ttse msreiated ribozyme Rs309, which 
targets a transcript of the hitman papillomaviras (30). 

.4H;i:jvjiy of MboKystie m V^a. To continii that the ri- 
bozjine had tiie potential to cleave the target RNA, a transcript 
of .19 bp that ind«(ied the target sate was |H-e|)3red by ruvt-off 
syntheas from an oligonucleotide, which encoded tiie target site 
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aiid included tlie 17 promoter. T7 polymerase and "'P-labeled 
dCTP were used. Run-oft" transcfipts of the ribozjtne were 
prepared in the same waj'. Ribozj'me and target transcripts were 
ihef) mixed in t atios of from 1:0.1 up to 1:20 in the {iresence of 
10 niM MgQ;, in 50 mi Tfis buffer at 37°. At intetvals, an 
aliqitot was removed fr om tiie reaction mixture and examined by 
gel electrophoresis followed by pho3|)h(jtitnage analysts. 

Ccas. The 6S6LN and 14S3 oral cancel- ceil lines were 
obtained flotn Dr. P. Sacks, anci the Tsi.183 cell Hrte was ob- 
tained from Dr. G. dayman (M.D. Anderson Cancer Center, 
Houston, TXi Tiit huiiian FS7 tibtobiast eel! Hrte was Idtidly 
fjtovidedby Dr. R. Dougherty (SlINY, Syracuse, NY), 

Infection of Ceils. To measure the abilit>' of an adeno- 
xitTis ved:ot to ttansdiice each ceil !yi)e, cells wete platesi at 
1000 cells.'weli in microtitei' plates, Tiie vectoi' AvlLacZ/i was 
then added al: titers of .10'', 10\ lo ', or .10^ pfortnl in a volunte 
of 50 111. Mter -IS h, the expression of p-gal was measured by 
spectrophotometiy. To find tiie proportion of cells that were 
transduced, infected tells were fised in 2% fotmaidehyde and 
0.2% ^utaraldehj'de in PBS in 96-well plates, stained with 
X-gai, and counted under X200 magnificalion. 

Exprcssiosi of Ribozjme lis Cells. To confirm tliat the 
adeiioviriis vector AviRj?279 did exf>ress the rib<jzynie, 5 x 10° 
Ad293 ceiis were plated in SO-cm^ flasks to form a 9m o con- 
fluc-nt monolayer by tiie next day. Tiie ceils were then infected 
witli .1 tnl of virus vector at iO^ pfii/nd for 90 tniti, ¥-11 snediutn 
with 10% fetal bovine senmi was added to the cultures and 
inciibated overnight, ansi total RNA was estracted us-itig the 
PJsl Acjiseoiis kit (Ambion, Austin, 'IX). Total RNA ivas reverse- 
tiiiut^aibed witti random pimers using a reverse trarsscription- 
PC.R Idt (Stratagene, .La .ToMa, CA). The tDNA was theit atn- 
piified by a PCR reaction. One primer, designated rib. sense, was 
designed to land to the cotjsensus sequence of a ribozyme and 
was complementary to the rib. core primer, wliich we used 
fst eviously (29). Its sequetjce was CTGATGAGTCCGTGAG- 
GACGAA. Tlie other primer, pAVS13 ', was designed to bind to 
a sequence fliat was derived from the adenoviral sequence of 
pAVS6. Its sesjiience was GCATCACAGGCTGGTTCC. Ant- 
plified products were visualized after eiecfrophoreas on a 1% 
agarose gel to find out whether a fragrtient of the presiitted f-ize 
of 990 bp was obseived The produci of the amplificafion 
reacttot! was also digested with .,4.^6 1 to tirtd osjt whether it was 
oit into the |)redicted sizes of 429 and .^61 bp. 

EspressioK of isclZ m&NA m Cdls. To examine tlie 
expression of te/-2 mENA in oral canter cells, Northern blot- 
ting was peifonned. A 909'6-confluent monolaj'er of TU1S3 cells 
was formed in BO-on'' flasks by plating 5 X 10* tells. Tlie next 
day, the cells were infected with 1 ml of vims vector at 1 X 10 ' 
pfu/ml for 1.5 h at 37° with gentle a^tafion every 15 min. Ten 
iniliiUters of complete medtim were added to each flask, andthe 
ceils were allowed to incubate a further 24 h. Poly(A) RNA was 
isolated with the MicroPoiy(A)Pute isolation idt (Artibion) ac- 
cording to the manufacturers' directions. The amount of poly(A) 
RNA was .tEjeasured by IJ\' spectrsjphototnetiy (1 A.^f^r, '^^ 
tj,g.''js.l), and 2 ji.g of poly (.4) RN.4 were loaded on l°-'o agarose 
gel (NortiiernMax kit, Ambion). Electrophoresis was performed 
at 5 V.''cHi, and RNA was iransfeired to a BrightStar rtiertibrane 
(Ambion) and UV cross- linked (Fishei- Biotech Cross Linker). 
Ttie metntjE ane was |)rehyMdi zed for 1 h and then hybri (fixed at 
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65° for 16 h with a probe. 'Ilie probe had been transcribed vvith 
T3 polymerase from the pias-intd SYNBLISM., which cotjlains 
the bci-2 open reading fianie (kindly provided by Dr. S. Kors- 
meya-) and which had been linearized with ?£:p\. The Airibion 
MAXIscript in vitro transcription kit wais used, and labeling wais 
a CO amplified with 17 polymerase and ^^P dCTP. The mem- 
brane was washed to high stringency as described in the direc- 
tion!? for tlie .'toibion NoithernMax kit, was exposed to a Mo- 
leculisr Dynamics pbospborimisger cissselte, and was exatnined 
by phosphorimage analysis. 

¥tx deted:i«)rt of aciin RNA, the membtaiie wiss then pre- 
hybridized again for I h al: 65^. An R.N.'^ probe for ncl'm was 
prepared by transcription from the p'm-AC'lTN HUMAN tem- 
plate (.'^n[bion) imd labeled as bef(jre. Tliis jsrobe was allowed !o 
hybridize for 16 h, washed to high stiingency, exposed again for 
1 h to a phosphoriinaaer cassette, aitd examined by phos- 
phorimage analysis. 

Expression of Bcl-2 Protein in CeDs. To examine the 
express otj of the Bd-2 protein, Wes-tem bJotling was per- 
formed. Cells were extracted with PBSTDS (Calbiochem- 
Novabiocbem, San Diego, CA), which includes a cocktail of 
protease inliibitors. As a positive control, the lymphoma cell line 
SUDHI,-6, which expresses high levels of Bel -2 (3!), was 
included as well as several concentrations of a recombinant 
Bd-2 pi otein (PhaiMingen, San Diego, CA). Tlie concentration 
of Bcl-2 in tbe t'ecomtsinat]! slariiiird was assessed by its elec- 
tropiioreas on a 12% polyaciyl amide gel alongside sevei'ai 
concent) at) on s of albwtjtiu followed by stiiining of She gel with 
amido black, and interpolation of tlie standard ciirve. In tills 
way, we estitiiaSed that the coiLcenti attois of Bd-2 iis the prep- 
aration was 30 ng'>(.}. Tlie total poteiis conceiitration of each 
cell sample was detdinined by the BCA Protein Assay (Pi race, 
Rockfofd, IL), witit optical absotbances read at 562 nm. Sam- 
ples were separated on 12% SDS-PAGE gels, which were 
loaded with 10 \i,g of proteia'lane, for 3 h. Proteins were then 
transferred to a niti-ocellulose membrane of 0.45-1), pore size 
(Bio-Rad, Heixules CA) on a semidry electrotransfer unit (Owl 
SepisratiotJ Systems, Wobsirn, MA). Hattjsler tnotioclonal anti- 
body to human Bcl-2 (6C8, PharMingen) was incubated with tiie 
blot for 2 h nt a 1/100 dibition. Biotitiylated secondisry anlibody 
was reacted with the Vecta&tain avidin-biotin complex system 
and staitjed with tiittobiue tettaKoitsinio-broi!io-4-chj()r(j-3- 
indolyi phosphate nsiiig ihc VectasSain avicii!j-!)i(jLitL cojiipjex- 
aikaiiiie phosphatase system (^\'ector Labraatories, Bitrlingaaie, 
CA), Blots were then scaimedby a digital scanner, and the scans 
were examined by computerized densitometry. A standard curve 
relaiing Ifoe detJsity of each band to the concentration of Bcl-2 
was prepared with the use of several cBlutions of the recombi- 
nant Bcl-2 pi otein. Pai ailel gels were blotted and stained with an 
antiaclin antibody' (Sigma Chetnical Company, St. Louis, MO), 
and otfier lanes of these gels were loaded wifli different con- 
centtations of bo\<ine actin to act as concentration s!:artd3rds. 

Apoptosis. To confirm tliat the attti-£ici-2-ribozyme in- 
duced apoptosts in cancer cells and to detertnine whether the 
etfect of tbe ribozyme was s-ped Sc for cancer cells, FS7 cells 
and lui 83 ceils were giown in 96-well dishes that weie seeded 
with 2 X 10^ cells.''wel]. After 24 h, Ihe cells were iufeded with 
eithei- AvlRz279 or witii AvlL.acZ4, in volumes of 50 ^d/weil 
at liters of eilher 10 ' or 10° p:tu/ml. Some ailtures were exposed 



to camptothecin at A ^g/mi. Infected cells weix hatvested aftei- 
a jiirther 24 h or 6 days, whereas the camptothecin -exposed cells 
were hatves-fed after 4 h. These time points and concenlralions 
had been detennined to be optimal in pilot experimetjts. 

For harvesting of ceils, the supematants were removed and 
discarded. Tlie ceils were tiiea lysed in buffer and added to 
miarotiter plates coated with stieptavidin (Boehringer Mann- 
heim Cell Death Detection ELISA-Plus kit). A mixture of anti- 
hisrtone-biotin and anti-DNA-peroxidjise were then added and 
incubated for 2 h according to the manufactuier's cfirections. 
Nudeosomes were tiicn quantitated by the addition of the sub- 
strate, [2,2'-Azino-&i5(3-etliy}benzthiazoiine-6-ss!lfonic ad di], 
and the optical absorbance ^'440; nm) was deteiniined in a spec- 
irophotometer. Each assay included a DNA-histone cotnplex 
that was supplied witii the kit as a positive control, and a 
negative control, which consistesi of an incubation buffer it] 
place of tbe ceil lysate. 

Gi-o'sth of Ceils. To find the effect of tiie anti-&Ci'-2 
ribozyme on viability of cells, Iheir growth was tnot!it«)red by 
their abiiitj' to metabolize (3-4,J-dimetfiylthiazoi-2-yi)-2,5- 
<$phen)'l tetrazolium brranide to its blue {)t oduct, fbrmazan (32, 
33) as before (34). Cells were plated in 96 -well plates at a 
starting number of 1000 cells/well, and some wells weie in- 
fected the following day wilh 50 jxl of virus. Cullwtes were 
evaluated on tiie day of infection (Day 0) and on Da>'s 2, -1, aiid 
6. Tlie <45(io-«i»t) value was used as a ineasure of cell twimbar. 
Each expesiment was perfoi-nied with at least 6 wells/gioup' 
experiment, and each ex|)eriment was perfonned at least twice. 
For infectiotj by adenoxdrus, the concentration of virus varied 
fi^om 10' to 10- pfijAnl. 

RESULTS 

Activity of Ribozyme at VMrs. Tlie target bci-2 se- 
(jsjences were readily cleaved by exposure to tbe ribozjine, with 
increasing efficiencj' up to a ratio of 10:1 and inci easing time up 
to 60 min. At a ratio of 1;1, >50% of tlie tar get was ciea%'edin 
1 h (Fig. 2), Tlse caitEjj ated vaiwe of Ihe K.-,JK„, ratio was 2.2 X 
10 nm/liter/min. 

InfectBos! i»f Cells, Tfse proportiois of cells ihnl could be 
trani5Aiced by an adenovinis vector was determined by exam- 
ining cell? that had beat infected with AvlLacZ4. With increas- 
ing toiitejitristions of vinis, increasing proportions of each ceil 
tj'pe siiowed espresaon of p-gal (Table 1). To obtain staining of 
50% of ceils, Ihe FS7 and 686LN cells required lo" ptu/tnl, ttte 
1483 cells required 10" pfu.'inl, and the ■rul83 cells required 10" 
pfu/ml. 

The expression of p-gal flrom infected TulS3 cells was 
detectable at 12 h after infection with 10 ■ and 10 ' pfii/nil of 
virus and at 18 h after infedion wilh 10" pfu''mi. The highest 
levels of expression were seen with lo" pfii/ml at 24 h, 36 h, and 
48 h after infection. 

Expression of Kibozyme in Cells. Ilie reverse transcrip- 
tion- PGR reaction revealed an atnplimer o f tbe expected size in 
cells that had been iisfected with AvlLacZ4 or AvlRz279, but 
not in mock -infected ceiis. The band was cleaved by tlie restric- 
tion efizjines into t^sro fragments of the ex|)ected sizes (isot 
siiowii). Tliis confirmed Ifaat the anti-id-2 ribozyme was ex- 
fjt essed flotn Ihe adenoviral vector. 
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Eff ect of Kibozyme on Levels of Bcl-2 Protein m Cells. 
Tfje Bcl-2 protan was readly detec!:ed m the conlrol SUDHL-o 
cells b\' Western blotting, as expected (31). and the concentra- 
tton in i 'f "et ex e rx-v^'^ ' sned \ ei^ v ' fjg and t 1 
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Wlteti Tuia3 cells were infec!:ed with the adenoxirus vec- 
tors, the level of Bcl-2 was unchanged diinng the first o h (tig. 
4/0- After 24 h, the level of Bci-2 declined in the cells titat had 
beets intected with AvlRz279 but rentamed the same m cells 
ihat had been intected with AvlLacZ'l. In the repiesentattx'e 
expenment shown jn .Fta. 4.9. the level of Bd-2 was 0,9 u.g lO 
in the prtiencc f^i -'^lI}t i dt d I-' i., 0 2; 1 3 1 1 
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3). uairiptoaieciii induced apoptosis in Tulh3 cells but wtlfa a 
Msiiximiun correcied absorbante value ol only 0.031. 
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pfu <^ a.Ut ^'ti te^ td ti pstteis's 

lediicttui '}(. iMi ^> ^lA'tti ojrif !o^ifii> v„ 't'ff 
able witli each vims vector (Fig. 7); undei- Hiese coriditionsi, 
AvlR;'279 protUiced up So 48'? oit)hibhois of Ft>7 cells and up to 
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9G"/n mhibiEioti oJ lulii tell V\IR?' was alw3\'- imut 
inhihton. thm •\\lldi./1 b\ about h\o In nuthmK fiiluhoEj^ 

DISCUSSION 

\ tole l(!t Ihs; btl I poletii nj ora] t.jntu bto tAlesi beets 
swgjjested because of its visibility la sotne cases atter inMnwao- 
histocheimcal staimng. However, its role m this disease has yet 
So be eslabbshed It! Ifae present s!:u«ly, the Bd-2 protein was 
detectable m botii the 686LN aiid 14 8J oral cancer cells, in 
Tul S3 oral canter cells. Ehe level ot ex|)ression ot Bcl-2 was 
extremely high and was similar to tliat ot tiie lymphoma cell line 
&I1DHL6 (^Fia. 4). In confiast. tfie protoin cotjldnot be detected 
tnlh liHoUisfs Hiese Isfd i \oi\ ))« ior Bci 2 jn it 
ieat.t sarne ra-ai cancers. 

' \t\ A m\\ s !l uU 1 ut M u - h rnscnpi was 
. td „ i!^n/ ! K ! V' „ id ihdt i If Idi fivt 1 i 
I il t I'H t . Sd< ^eeu «1 id id U n« 

1 1 'V H n o f)e «\E3nE)eh •,eHsil!i,e wi!h ^O" « o! the tarj^et 
cleaved withm 1 mm (Fig. L^X Ihese data su^ested tiiat a n- 
bozyrtse might be used !or exannmisg the role of ba-l m oral 



cince r t i « i'- j e^' i e o <» 1 i -'tj U ! si e i (le 
(he. nbozvme tould be uitroduccd i ito que rtddi!' J c u c. 
of an adenovirus vector. However, it was found tliat the diftereiit 
ceils used in fliis study wei e fi ansfected at different etfiaencies by 
the adenoxinis, and multiple concentrations ot adenoxinis were 
theretore used for evaluation of tite nbozvme. 

Wlteij the iibozyme was expressed in Tul S3 cells, it led to 
a marked reduction m the level ot the Bcl-2 piotein (iis.. A). 
which i cnuv li .! i: it ^^Jt^ i ^li tl<< h < 

lElSdv t) il ,di - ^n^li^^ } ,f t.1 d^i it. ^ 13 It. 

iei,«! il N 1 ! i I d ( M Uj i e d 

ihou-^'ilien vj i t 1 e t s'dl ^tt dt !^ i^ ht edjt't i 

ofthtPi^ J iet! ! -H id.t teidi dl t ! s lo } s 

aiitEit! if t! iiv i f 'di Li > di! 1 A ki - i.i i n : 1. 1 1 

h ! <.0l ( !« tOlds-i! SJl}} !d -ii Jl 

, 1 3i il ^ dilMi if 1 ill'] dii pl^3^ 

!( !1' i' ^ ^ ll! is 

rehiiit ( It itoi o aui ^si s si t iJ\ he ^ 

Rz279 leraaiEi to be determined. 

Tfjeredsiciion of itie level of the Bci-2 protein was accom- 



Clinical Cancer Research 219 



FS-r cells 1483 cells 




OayO Day 2 Day 4 Day 6 DayO Day 2 Day 4 Day 6 



Fig. 6 Growth curves of cells after either mock- infection or infection with AvlEz27 9 or AvlLacZ4, Each cell line was infected with the titer of virus 
that transduced 50% of cells. This was lO'pfu/ml forFS-7 and 686LN cells, lO' for 1483 cells, and 10^ forTul83 cells. Growth was monitored by 
the (3-4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide assay. 



pariied by the appearance of apoptosis iii tho TuVii ctU;. a^^ 
shown by the appearance oE bistcsiie-btsiim! Eragniimi o; D.N,\ 
(Fig. S t. Apoptosis appeared more rapiciiy when higlier concen- 
traStotis of virus were sised as mighi: be expeti cd becaii:» the 
marker gene was also expressed sooner with hisdier levels of 
viru^j. By 6 (kys alter iiiEection with A%-l\'a.r;9, apt^tosis was 
detected witii even tlie lowest coneeatEation of viiiiis, although 
by this time, the levels from the hi^ei- concentrations had 
passed thdr peak atjd were deditdng. FS7 cells not show 
apoptosis with any conceiiftation ofviuis at dthei of flue two 
tiirifc poitiSs •■ItJcHed. y.UicU i-- cotisiisifcti! with ihe iad: of Bd- ?, 
protein ui these cells. 

CoEjastetJt m.lh fee ittducEi (li of apoptosis, the expression 
of Ihe ribo.zyme affected tiie .growth of the oral cancer cells with 
less effects on fib/obiasis (Pis-s. 6 aiid jlic- libo;:} iiie wa^^ 
particularly eEfecEive oti ihe Tijl K:^ telis. <Mi;ch are iUe ceji:^ ihaE 
expressed ihe highest level of Bd-i. Inieieshii:4y. ihe MMTV 
pronioter that was tjsed Eo express the tibo^ytiie was Ebimd 
recently to be relahveiy weak in oral cancer cells (37). Th«s, 
even stronger anti-i"c/-2 effects coiildbe expected if a stronger 
promoter was used. 



Adenovirus vectors do have some nonspecific inhibitorj' 
eEfects on oral cancer ceils, as we have noted before (38). Ttte 
nons{)ecifEC toxicitj' is not related to the mulfiplidf}' of infection, 
b.iE tafUer to the coiicenttation ofvinis^, and thus we have not 
vlioivn lilt (iala in teinis of niultiphcity of infection. The non- 
sped fic effecEs were easily di-sEiiiguished from 3|)ecific effects in 
four ways: (a) Ttte wiM-bcl-l libozjirie was more inhibitory in 
cells fiiat expressed fiie Bcl-2 protein. (6) At tlie virus concen- 
fration, which transduced .'50% of ceils, the riboCTme-ex{)ref;fdtia 
virus was niOTe toxic than the p-gjl-expie-; Jing -inns ni each ceil 
type. ■ : j "tlie ribo;?\i!!e-e>:pres;gng vitii-- itjckiced apopEosis its 
ti}e '!\;1S3 cells iint not in fiiii oblasEs. and iiie p-gai -expressing 
\;!iis di'i iiot iiidiice apopEosis in eiEhet ceii type (..■) rlie 
iibo^ynie- expres-'ina v;t!is rediiced the i eve; of Ehe Bei ptotein 
in T\il23 ceiis. wiieieas iiie p-gal- expressing vnns did not. 

Tf)e presetst stsi(%' appears Eo be the EirKE thai kUov. --: Ehe tjse 
of a riboz>'me to modify the transfonned phenofype of a tumor 



^ Gibson et al, manuscript in prsjaratic/n. 
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eel] line thisl: eiidogenously eKpresses bcl-2. In an earlier study, 
an miti-bcl-2 riboz\'me did affect tlie phenot}'pe of a prostate 
cimcer cell line, but Ihe cells had previojisly beeti Lrejtisfecied 
with a i;c; -2- eK pressing plas-xtiid (25). FsirShetiiiorfe, the iijrget 
site fliat was used in the present study, nucleotide 279, does not 
ajji|)ear to have beetj used previously itj eititer anti sense or 
ribo2yme studies. 

The (kta from ihis study sugges* that botit pro- and anti- 
apoptotic mechanisms aie at play in oral cancer cells. Ilie 
induction of apoptosis by the anti-bci-2 ribozyme implies that 
these cells are constituSively ex|)resstng a proapoptosis phetio- 
t>pe, which is simuitaneousiy being suppressed by Bcl-2. lite 
origit! of the proapoptosis phenoiype is uuknowti, although Ihet e 
are at leai^ three possibilities: (a) Noimal epitheliai cells mc 
pt ojp-atJimed So different! isle, sincia-go apoptoa s aitd <fie, and this 
HsechatjisHS might persis!: in orisi cimtef. (b) Orui cancer occurs 
io patients whose cells are inlierently susceptible to DNA dam- 
age by tJiuSisgeiss (39), attd DNA damage geiserally leads to 
apoptosis (IK), (c) When epitiielial cells are sepat ated from their 
substrate, this tf iggers apoptosis through a mechauism known as 



atsoikis (40), which can be prevetiled by ovetex|)ressi«)n of Bcl-2 
riie reguiation of apoptosis in oral cancer might involve 
jTiat!) ortser proteitss apisrt from Bd-2. A large number of |)ro- 
ijjKi isniiijpoptolif proteins have been docutneisted in uisrioiis ceil 
tj'pes (IS) and could be involved in the reflation of apoptosis 
in otal epithelium and oral cancer. However, nothing appears to 
be known about fiie regulation of apoptosis in oral cancel- except 
lhat the present data imply that it is a Bcl-2-sensative palhway 
that pioduces the anfiapoptofic si^al. 

If expression of an anti-ici-2 ribozyme can inhibit the 
growth of sH-al cancer cells, this might be useful in cancer 
tiierapy. The fact that tlie ribozj'me can be delivered by a viral 
vector suggests that this is possdble. The fact that tite fibroblast 
line PS7 was not inhibited implies tiiat this could be relatively 
safe. .'-\ JiiTiher sdvijntage ot atiy anti-! \' -2 Srealitsent would be 
that it might sensitize ceils to conuentioisai thenspy because 
Bci-2 is known to inliibit the anticancer effects of seveiai 
chemotherapeulit dnigs (42, .36). It has been shown that levels 
of Bcl-2 can be reduced by reSnoic acid witii resulting sensi- 
tivity to chemotherapy (43), and it is known ttsat retindc acid 



call reduce tlie oiali^aiit progression of ieiikopiakia and miitbft 
development oi' second priHsary arid reaiiretil OTai tatscers (44). 
It ii3 thais posdbie that the protective effects of retinddis occur bv 
their effect oej a {SEoapoptoSic pathway ihat involves Bcl-2. 

There are othei- examples of ribozymes that inhibit the 
malignant phenotype of human cancer cells when delivered by 
a viral vector. Adenoviruses have been used to dehuer ri- 
bozymes against ray to bladder and lung cancel- cells (45) and 
agaitjsl: HER-2/«ew ot pieiotrojnn So other cancer cells (4o), 
Retrovhuses have beeo used to deliver ribozj'mes against to 
mislignatst meiatjoma cells (47) and agisitiKl BCRABL to Ivmph- 
oid ceils (48). Des{)ite these few examples, mos-^ eariier sludies 
of ribozj'me expressdon have used a plasmid expression vector 
or used target cells that were traiisfected with the Irisnsfortnuia 
gene. Examples of targets include papiUoiiaavinises {30. -19), 
EBV (.^O), epidermal growtit factor (51), and ras iS2, 53). H:te 
present i*ic^' extends the potential use of virus vectois toi' the 
exptesacH! ot ribozymes in hutnart cancer cells andincreases the 
spectrum of potential targets in oral cancer to include the bct-l 
oncogene. 
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